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AUTOMATIC AXLE TRACTION CONTROL 
B /S CKGRQI ™" QE thf tnvfnttON 

This invention relates to a method and apparatus for controlling engine and brake 
torque to selectively engage a front drive axle to provide all wheel drive under optimal 
conditions. 

Vehicles utilize all wheel drive systems to achieve improved vehicle control under 
poor road conditions. All wheel drives for trucks equipped with geared front axle clutched 
transfer cases are normally engaged and disengaged by a vehicle operator or are engaged 
full time. Engagement systems can be manually controlled by the operator or can be 
automatically controlled to engage and disengage the front drive axle. Typically automatic 
control systems utilize electronic controllers that monitor front and rear axle speeds. When 
the rotational speed of both the front and rear axles are within a certain range, the controller 
automatically initiates a shift to engage the front axle. 

This automatic controlled engagement and disengagement of the front axle is 
typically initiated independently from the ground conditions. Thus, engagement of the 
front axle may not be required or may be poorly timed to maintain vehicle tractive effort. 
Unnecessary engagement of the front axle results in additional wear of the components, 
which is undesirable. Further, poorly time shifts can damage transfer case and axle 
components resulting in vehicle downtime and increased costs for replacement 
components. 

Thus, it is desirable to have an improved control system for axle engagement that 
takes into account input and output shaft speeds of the transfer case as well as ground 
conditions to provide optimal axle engagement shifts. 
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SUMMAHl nFTHT "™ mnN 

An all wheel drive system includes a transfer case assembly that is transfers 
driving torque from a vehicle engine to vehicle drive axles. The transfer case inc.udes an 
input shaft that receives power source output torque, a tear ax!e output shaft for 
transferring driving torque from the transfer case to the rear drive axle, and a front axle 
output shaft that is selectively engaged to the front drive axle under predetermined 
conditions to achieve all wheel drive, A controller determines the optimal conditions for 
the engagement and disengagement of the front axle. 

In the preferred embodiment, .he controller determines if there is wheel slippage 
by monitoring the various wheel speeds of the axles. If .here is wheel slippage, the 
controller determines whether or no, .he input shaft and the rear axle output shaft are 
both within a predetermined speed range. If the input shaft and the rear axle output shaft 
are within the ptedetermined speed range and .here is whee! slip, the controller initiates 
engagement of .he from drive axle. If .he input shaft and the rear axle output shaft are 
not within the predetermined speed range, the controller controls the engine output 
torque and/or wheel brake torque to bring the input shaft and the mar axle output shaft 
both within the predetermined rotational speed range. 

A typical vehicle drive train includes an internal combustion engine or other power 
soume, transmission, transfer case, front drive axle with wheel brakes, and rear drive axle 
with wheel makes. The prefened inventive method for coupling the transfer case to the 
ton. drive axle during wheel slip to achieve all whee, drive includes the following steps. 
The input shaft of the transfer case is coupled ,0 the power source that produces an output 
,on,ue. The mar drive ax!e is coupled to a mar output shaft of the transfer case. A sensor 
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system measures wheel speed and the controller determines whether or not there is wheel 
slip. At least one of the output torque or braking torque is controlled to bring the input 
shaft and the rear output shaft within the predetermined speed range. The front output shaft 
of the transfer case is coupled to the front drive axle to achieve all wheel drive when the 
input shaft and the rear output shaft are within the predetermined speed range. 

The subject invention provides an improved control system for axle engagement 
and disengagement that takes into account input and output shaft speeds of the transfer 
case as well as ground conditions to provide optimal axle engagement shifts. These and 
other features of the present invention can be best understood from the following 
specification and drawings, the following of which is a brief description. 

B R tff nFs rETPT™" nF THF Tffi A WINfiS 
Figure 1 is a schematic view of a powertrain system incorporating the subject 

invention. 

Figure 2 is a schematic view of a control system for the subject invention. 
Figure 3 is a cross-sectional view of a typical transfer case as used with the subject 
invention. 

PTTi'iTT m BES£BIKEIQN OF \ PRFFF KBFP EMBODIMENT 

A typical vehicle powertrain 10 is shown in Figure 1. The powertrain 10 includes a 
front drive axle 12 having a center differential 14 for driving a first pair of axle shafts 16, 
which in turn drive front wheels 18 mounted at opposite ends of the front drive axle 12. 
The powertrain 10 also includes a rear drive axle 20 with a center differential 22 for driving 
a second pair of axle shafts 24, which in turn drive rear wheels 26 mounted at opposite ends 
of the rear drive axle 20. 
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A power source 28 provides the driving torque to drive the axles 12, 20. A transfer 
case 30 is used to transfer the driving torque from the power source 28 to the front 12 and 
rear 20 drive axles. Typically, the rear drive axle 20 is always engaged with the transfer 
case 30 to provide the vehicle with rear wheel drive. The front drive axle 12 is selectively 
engagable with the transfer case 30 to provide all wheel drive under predetermined 
conditions. When ground conditions are poor, such as when there is ice or mud, vehicle 
control, i.e., tractive effort, is improved when all wheels 18, 26 are provided with driving 
torque. However, it is undesirable to have all wheel drive when ground conditions are good 
because all wheel drive adversely affects fuel economy and vehicle maneuverability. 

The power source 28 can be any known power source in the art such as an internal 
combustion engine or electric motor. The power source 28 can also incorporate additional 
components such as transmissions, power-take-offs, etc. 

The subject invention relates to a control system that determines when conditions 
are optimal to engage and disengage the front drive axle 12. The control system monitors 
ground conditions and includes a central processor or electronic control unit (ECU) 32 that 
generates a power source control signal 34 and/or a wheel control signal 36 to provide 
optimal conditions for axle engagement. The ECU 32 sends a transfer case control signal 
38 to initiate shift engagement once the ECU 32 determines that conditions are optimal. 

As shown in Figure 2, each of the wheels 18, 26 includes a braking mechanism 40 
for a brake-by-wire system. Any type of braking mechanism 40 known in the art can be 
used including dry disc, drum, or wet disc and can be actuated by any known actuation 
method including hydraulic or pneumatic actuators. Wheel sensors 42 are used to 
determine wheel speed for each of the wheels 18, 26 and generate wheel speed signals 44 
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that are transmitted to the ECU 32. By utilizing wheel speed information, the ECU 32 can 
determine whether or not there is wheel slippage, i.e., poor ground conditions. Once the 
ECU 32 determines whether or not there is wheel slip the ECU determines whether speed 
conditions for the transfer case 30 and axles 12, 20 are optimal to initiate a shift. This will 
be discussed in greater detail below. 

The transfer case 30 is shown in greater detail in Figure 3. The transfer case 30 
includes an input shaft 50 that couples to the output of the power source 28. The transfer 
case 30 also includes a rear axle output shaft 52 that is coupled to the rear drive axle 20 and 
a front axle output shaft 54 that is selectively engaged with the front drive axle 12. The 
shafts 50, 52, 54 are supported on bearings 56 installed within a housing 58. A gear 
assembly 60 drivingly connects the input shaft 50 to the rear axle output shaft 52. A first 
gear 60a is mounted for rotation with the input shaft 50. This first gear meshes with a 
second gear 60b, which meshes with a third gear 60c mounted for rotation with the rear 
axle output shaft 52. The gear assembly 60 can provide a 1:1 ratio or can be configured to 
provide gear reduction if desired. 

A declutch mechanism 62 is used to driving engage the front axle output shaft 54 to 
the rear axle output shaft 52 to engage the front drive axle 12. Any known declutch 
mechanism can be used. The declutch 62 includes an electrical connector 64 to connect the 
declutch 62 to the ECU 32. 

In order for the ECU 32 to initiate engagement of the front drive axle 12, the input 
shaft 50 and rear axle output shaft 52 must both be within a predetermined speed range. If 
both shafts 50, 52 are within the predetermined speed range the ECU 32 signals the 
declutch 60 to couple the front axle output shaft 54 to the rear axle output shaft 52 such that 
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the shafts 52, 54 rotate together. Thus, when engaged, the front 54 and rear 52 shafts rotate 
at the same speed. If the shafts 50, 52 are not within the predetermined range, the ECU 32 
initiates various control signals to bring the shafts 50, 52 within the predetermined range. 

[20] The control system operates in the following manner. First, the ECU 32 

determines if there is wheel slippage by monitoring the various wheel speeds of the axles 
12, 20. If there is wheel slippage, the ECU 32 determines whether or not the input shaft 
50 and the rear axle output shaft 52 are both within the predetermined speed range. If the 
input shaft 50 and the rear axle output shaft 52 are within the predetermined speed range 
and there is wheel slip, the ECU 32 initiates engagement of the front drive axle 12. 

[21] If the input shaft 50 and the rear axle output shaft 52 are not within the 

predetermined speed range, the ECU 32 prevents axle engagement until the shafts 50, 52 
are within the predetermined range. The ECU 32 controls the shaft speeds by generating 
a power source control signal 34 to control the output torque and/or generating a braking 
control signal 36 to control wheel brake torque to bring the input shaft 50 and the rear 
axle output shaft 52 both within the predetermined rotational speed range. The braking 
torque and power source output torque can be separately controlled or simultaneously 
controlled depending upon the ground conditions and wheel speeds. For vehicles that do 
not have brake-by-wire systems, only output torque is controlled. Alternatively, braking 
torque control can be solely utilized to bring the shafts 50, 52 within the speed range. 

[22] When the ground conditions improve, i.e., there is no longer any wheel slip, the 

ECU 32 signals 38 the transfer case declutch mechanism 62 to disengage from the front 
drive axle 12. When the axle is engaged, it may be difficult to determine when ground 
conditions have improved sufficiently. The transfer case could include a spring 
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disengagement mechanism (not shown) or could operate under a time delay to ensure that 
disengagement does not occur before the desired traction is achieved. 

[23] The subject control system for axle engagement and disengagement that takes 

into account input and output shaft speeds of the transfer case as well as ground 
conditions to provide optimal axle engagement shifts. The automated control system 
determines if there is slippage by sensing wheel speeds. If wheel slip is detected, the 
ECU 32 uses a defined logic matrix to initiate a controlled shift for front axle 
engagement. This controlled shift forces the front output shaft 54 and the rear output 
shaft 52 to be within the predetermined range by interrupting power source output torque 
along with sequencing a controlled wheel brake signal 36. When the speed range 
requirement is satisfied, the shift is initiated to engage the front axle. Once the axle is 
engaged, the power source output torque resumes and the brakes 40 are released. 

[24] Engine control technology is currently used to provide optimal transmission 

shifts. Brake control technology is currently used to provide anti-lock braking systems. 
The subject invention utilizes benefits from both of these technologies to activate axle 
engagement drives to provide all wheel drive with shift-on-the fly. 

Although a preferred embodiment of this invention has been disclosed, it should be 
understood that a worker of ordinary skill in the art would recognize many modifications 
come within the scope of this invention. For that reason, the following claims should be 
studied to determine the true scope and content of this invention. 



-7- 



